Northern hybridization analyses using an RNA probe corresponding to the 3'-terminal region of apple stem grooving virus (ASGV) genome indicated that all dsRNA preparations from tissues infected with 10 ASGV isolates contained three virus-specific dsRNAs (6.5, 2.0 and 1.0kbp). Using additional RNA probes corresponding to different parts of the genome, a dsRNA preparation from ASGV (isolate P-209)-infected tissues was found to contain five virus-specific dsRNAs of 6.5kbp (G-ds), 5.5kbp (ds1), 4.5 kbp (ds2), 2.0kbp (SG-ds1) and 1.0kbp (SG-ds2). G-ds was probably the replicative form of the ASGV genome. Dsl and ds2 were thought to be 5'-coterminal with the ASGV genome. In contrast, SG-ds1 and SG-ds2 were thought to be 3'-coterminal with the genome. Both the positions of these RNAs relative to the genome and their sizes suggest that SG-ds1 and SG-ds2 are ds forms of subgenomic RNAs for the ORF2-encoded protein and the coat protein (CP), respectively. The C-terminal regions of the ORF1 -encoded protein including the CP were expressed in Escherichia coli. The size of the expressed protein, which starts with methionine (Met) at amino acid position 1869 agreed with that of ASGV-CP, suggesting this Met is the starting amino acid of the CP.
INTRODUCTION
Apple stem grooving capillovirus (ASGV) has a flexous, filamentous particle 650nm long, which contains a ssRNA and a coat protein of Mr 27 kDa14). ASGV is the type species of the genus Capillovirus, which also includes citrus tatter leaf virus (CTLV, recently proved to be an isolate of ASGV)9,18) and possibly lilac chlorotic leaf spot and Nandina stem pitting viruses10). Recently, cherry virus A (CVA) was also reported to be a capillovirus3). The complete nucleotide sequences have been reported for the genome of two capilloviruses, ASGV (isolates P-209, L and Li-23) 8, 11, 17) and CVA3). The ASGV genome consists of 6496 nucleotides (nt), exclud ing the poly (A) tail, and has two overlapping open reading frames (ORFs 1 and 2) encoding a 240-241kDa polyprotein (2105 amino acids, aa) and a 36kDa protein (320aa), respectively. The ORF1-encoded protein con tains the conserved motifs of methyltransferase, papain like protease, helicase and RNA polymerase, and a coat protein (CP) in the C-terminal region11,17) A 36kDa protein encoded by ORF2 is thought to be a movement protein11, 16 ). An ORF1 region (V-region)9) between the RNA polymerase and the CP, overlapping ORF2 in another frame, does not contain any known functional motifs found in plant virus genomes11.16). The CVA genome (7383nt, excluding the 3' poly (A) tail), also encodes a 266kDa polyprotein (ORF1) and a 52kDa protein (encoded by ORF2 which is located within ORF1)3).
Although the sequence data indicated that the CP in the capillovirus genome is located in the C-terminal region of the ORF1-encoded polyprotein2, 8, 11, 15, 17) , the exact beginning of the CP has not been determined. At present, whether the capillovirus CP is expressed by translation as a part of ORF1 protein followed by proteolytic processing or from subgenomic RNA produced in infected cells is unknown.
To elucidate the expression strategy of ASGV-CP, we analyzed virus-specific double-stranded (ds) RNAs in infected leaves using several RNA probes corresponding to different parts of the genome and expressed of the CP region in Escherichia coli.
MATERIALS AND METHODS

Virus
ASGV (isolates P-209, AF38 and AF39 from apple; JP1, JP2, JP3 and JP4 from Japanese pear; EPSB from European pear and OKITSU-WASE and BUC-neg. No. 3 from citrus9,14) were propagated by sap inoculation in Chenopodium quinoa for use in this study. 
RESULTS
Analysis of dsRNA from ASGV-infected tissues by northern hybridization In preliminary experiments, RNA probes did not hybridize with any dsRNAs from healthy C. quinoa tissues under the hybridization conditions used. Then we analyzed dsRNAs from 10 isolates of ASGV using probe 41HB3(+) corresponding to the 3'-terminal region of the genome. The results indicated that all tissues infected with one of the 10 isolates contained three virus-specific dsRNAs of 6.5kbp (G-ds), 2.0kbp (SG-ds1) and 1.0kbp (SG-ds2) (Fig. 1) . We further analyzed the positions of dsRNAs relative to the genome by use of five RNA probes (Fig. 2a) . Three positive-sense RNA probes, EB(+), 41H18(+) or 41H13(+), gave the same hybridiza tion signals, in which three dsRNAs were hybridized with these probes (Fig. 2c, lanes 1 to 3) . The slowest migrating dsRNA (G-ds) has a size of 6.5kbp equivalent to that of the entire ASGV genome. The others have ca. 5.5kbp (ds1) and 4.5kbp (ds2). Probe 41H2(+), which corresponds to the ORF2 region, hybridized with ca. 2.0 kbp dsRNA (SG-ds1) as well as G-ds and ds1, but not with ds2 (Fig. 2c, lane 4) . Probe 41HB3(+), correspond ing to the 3'-terminal 1.4kb region of the genome hybrid ized with G-ds, SG-ds1 and an additional 1.0kbp dsRNA (SG-ds2) (Fig. 2c, lane 5) . A weak signal of ds2 was also detected by this probe. From these results, we deter mined the positions of ASGV (P-209)-specific dsRNAs relative to the ASGV genome (Fig. 2b) . G-ds was thought to be a replicative form of the ASGV genome because it hybridized with all probes and its size was the same as that of the entire genome. Both the positions of SG-ds1 and SG-ds2, which are thought to be 3'-coterminal with the genomic RNA, and their sizes suggested that these RNA species may be ds forms of subgenomic RNAs for the ORF2 protein and CP, respectively. On the other hand, ds1 and ds2, thought to be 5'-coterminal with the genomic RNA, have unknown functions, although the production of these dsRNAs is quite similar to that of dsRNAs in apple chlorotic leaf spot trichovirus (ACLSV)-infected tissues2).
Attempts to detect subgenomic RNAs in total and poly(A)+ RNA preparations from infected tissues by northern hybridization were unsuccessful, probably due to low concentrations of subgenomic RNAs in infected tissues.
Expression of coat protein regions of ORF1
protein in E. coli From the results of the northern hybridization experi ments described above, we speculate that ASGV-CP may be expressed from a 1kb subgenomic RNA in infected tissues. If so, methionine (Met) at as position 1869 (AUG at nucleotide position 5641-5643) of this ORF1-encoded protein is a candidate for the starting amino acid of the CP because the calculated Mr (27041 Da) of this putative CP agrees with the Mr of ASGV-CP from purified particles14). Several attempts to determine the N-terminal sequence of ASGV-CP from purified viruses were unsuccessful, probably due to blocking of the N-terminus of the ASGV-CP. Figure 3a shows that proteins of the expected sizes were expressed in E. coli containing plasmids pSGCP1 and pSGCP2. Immunoblot analysis also indicated that both proteins reacted with ASGV antiserum (Fig. 3b) . The electrophoretic mobility of protein CP2 from pSGCP2 was almost the same as that of the ASGV-CP from infected C. quinoa tissues (Fig. 3b) . The expression vectors pSGCP2+1aa and pSGCP2 -2aa were expected to express CP2+1aa (CP2 plus an additional amino acid phenylalanine) and CP2-2aa (CP2 minus two amino acids threonine and leucine), respec tively. The expressed proteins co-electrophoresed with CP2 and ASGV-CP from purified viruses in an SDS -12.5% polyacrylamide gel. Figure 4 shows that the electrophoretic mobility of ASGV-CP is identical to that regions may function as promoters of subgenomic RNA synthesis and/or as recognition signals for translation. The determination of the 5'-terminal nucleotide sequences of putative subgenomic dsRNAs will confirm this hypothesis.
The capillovvvis phylogenetically related to tricho-, carla and tymoviruses in which CPs are expressed from subgenomic RNAs in vivo1,2,4-6,12). Immunoblotting, using an antiserum against the N-terminal 345aa of the ORF1-encoded protein expressed in E. coli, failed to detect proteins of any size in infected tissues, suggesting that the N-terminal region of ORF1-encoded protein occurs in a very low amount in infected cells. In con trast, the CP in the C-terminal region of ORF1-encoded protein was easily detected by the same method using ASGV-CP antiserum (unpublished results). Thus, the ASGV-CP is unlikely to be produced only as a C terminal part of the ORF1-encoded polyprotein in infect ed cells as is the case for potyvirus gene expression10).
